In this study, we explored what river health means to ordinary citizens in the community through a survey of residents (n ¼ 302) living in the peri-urban region of the Hawkesbury-Nepean River catchment in south-east Australia. Community responses concerning the meaning of river health included explanations that were simple and used everyday words but integrated a number of perspectives of the river as a natural and community resource which have often been lacking in descriptions pursued by experts and government agencies. A considerable proportion of participants surveyed related river health to its ecological integrity, visual appeal, hydrologic balance and ability to serve the community. The description of river health was not really affected by participants' age, gender or the distance they live from the river. The study provides a number of insights that can assist in the engagement of communities in future river monitoring and management programmes.
Introduction
Rivers form one of the most dynamic and complex ecosystems on earth that has served humankind since the settlement of early civilisations. Rivers such as the Nile in Egypt, the Euphrates and the Tigris in Mesopotamia, the Indus and the Ganges in India, and the Yellow River in China have served communities by providing water for agriculture, transport and survival. Due to the close association of rivers with society, many river ecosystems are vulnerable to human activity stress, particularly in urban and rural regions of the world. While serving the community, rivers harbour native and exotic wildlife in the landscape. Rivers further allow complex ecological interactions to take place between the biota and the surrounding environment (Meyer, 1997) . However, as a result of human-induced degradation, rivers are no longer able to efficiently and sustainably provide the goods and services (i.e., purification of water, food production and recreational experiences) expected of them from society and biota (Naiman et al., 1995) . To counter these effects, many water management agencies began looking at assessing and measuring the condition of rivers, often referred to as river health. The use of the term 'health' to describe the condition of rivers is appealing to many politicians and water resource managers around the world (Hart et al., 1999) .
Describing terms related to environmental assets is a difficult task. The complexity increases when such assets are utilised by a range of users and there are conflicting interests. In particular, the meaning of river health is complex and it is often difficult to explain while encompassing all the different interests and implications. Should we describe it in the context of social, economic or environmental values, or should we describe it merely by biological, chemical or physical indicators? Furthermore, river health is influenced by social, political and scientific objectives and therefore in reality it can be quite complex to define and measure. Historically, the use of this term has been restricted to researchers and river management authorities. Many researchers, however, have refrained from providing an explicit description for river health; instead they have described suitable criteria that assist with river health assessment (Bunn et al., 1999; Boulton, 1999; Norris & Thomas, 1999) while others have provided integrated descriptions (Vugteveen et al., 2006) . Thus, our understanding of the definition of river health from the point of view of the general public remains ambiguous.
Community plays a significant role in the environment, and for this reason there is a need to include community dimensions to manage complex ecological systems such as peri-urban river systems (Delaney, 2010) . Increasingly, researchers are encouraged to include community models to better engage in policy debates surrounding the implications of their work (Queenborough & Cooke, 2010) . If we can establish a common understanding of the term 'river health' from the community point of view, it will greatly facilitate both government agencies and river users to engage in discussions by providing a common language for reviewing and implementing management decisions; the result will be a win-win situation for all involved (in agriculture, industry and tourism). Therefore, a better understanding of community consensus of river health will greatly assist in creating this receptive platform. The above discussion further suggests that researchers and river managers tend to project their expert view about river health and this has often limited any meaningful engagement between communities and other groups involved in river management. Vugteveen et al. (2006) provide an in-depth analysis of the various ways that river health has been described previously in conjunction with ecosystem health and suggest the importance of understanding its proper meaning from an ecological, social and economic context. Not surprisingly, the literature that comprehensively encompasses the social and cultural aspects of river health and a sustainable river future is quite limited. Needless to say, there is a pressing need to develop explicit methodologies and strategic frameworks to assess how communities value the products and services of rivers.
River health versus human health
The word 'health' is prominently used in connection with human health but there are a number of parallels between river health and human health. This analogy is particularly helpful to people who are not expert in a particular discipline or not directly associated with the management of a river system, and the analogy could also help in effective engagement of a community in river matters. The meaning of human health, according to the Encyclopaedia Britannica, is 'the extent of an individual's continuing physical, emotional, mental and social ability to cope with his environment' (Britannica, 2010) . Following this definition, river health refers to a dynamic entity which shares social, environmental and hydrological relationships with its surrounding environment. On the other hand, the term 'health', according to the Merriam-Webster Dictionary, is '(a) the condition of being sound in body, mind or spirit, especially freedom from physical disease or pain' and '(b) the general condition of the body' (Merriam-Webster, 2012) . In general, the dictionary meaning of the term denotes a state of well being, vitality and prosperity, and this term makes more sense if considered in conjunction with human health.
The concept of river or ecosystem health is similar to a patient who may indicate symptoms of various abnormalities in the human body (Fairweather, 1999; Schofield & Davies, 1996) . This concept makes more sense to a lay person because rivers are dynamic entities like humans; they can become unhealthy and indicate symptoms of abnormality analogous to those of a human patient. While this concept has been narrowly accepted (Rapport et al., 1999) , some researchers oppose it, arguing that bringing the human health analogy to a river's health is contentious because human health is rather an evolved state compared to that of a river (Wicklum & Davies, 1995) . Suter (1993) argued that the use of the term health in relation to a river or ecosystem is not appropriate because health is a property of an organism. In this arena, Fairweather (1999) describes river health in terms of a veterinary approach because river condition comes in various forms and because a river, like an animal, cannot complain of ill health on its own behalf; in Fairweather's view, the veterinary model is more suitable than the human health metaphor because ecosystems appear in many distinct forms (similar to animals brought to a veterinarian) and we must intervene rather than wait for the patient to come to the doctor.
Issues with current river health meanings
A critical examination of current river health meanings has revealed that almost all published descriptions are by researchers and river managers who have some formal training and experience in hydrology, aquatic ecology, limnology or catchment management. No descriptions are available from a community point of view, although the need to include social dimensions into a description has been strongly advocated (Vugteveen et al., 2006; Meyer, 1997) . For example, what a healthy river means to a farmer, a person involved in fishing or someone who just passes by the river regularly can be quite different. The language used to define river health needs to be simple and easy to understand by all in the community, each of whom may have different educational, ethnic and socio-economic backgrounds. The descriptions proposed in the literature are somewhat related to ecological interactions. Queenborough & Cooke (2010) encourage ecologists to learn the terminology and concepts of social science if they want to influence human behaviour in implementing ecologically sound strategies and concepts for river health management.
Further, there seems to be an inherent difficulty associated with the integration of different aspects of river health related to the social and spiritual well being of communities into one composite description. For example, the River Ganges is a living goddess for Hindus where they can obtain liberation from sins by performing rituals and by dying by the river (Eck, 1982) . Similarly, the River Amazon serves as the life blood for many Peruvian and Brazilian tribal communities (Smith, 1999) . But, in general, rivers need to be shared by communities and biota, and the allocation of water can be properly attuned only if we understand what communities need to derive from their rivers and what they value most about the rivers and environment. Much emphasis has been given in the past to ecological and biotic functions and their ability to cope with a changing river environment. A similar emphasis is also required to explore a community's expectations and values for a healthy river system.
The main objective of this paper, using the peri-urban region of the Hawkesbury-Nepean catchment in south-east Australia as a case study, is to understand the meaning of river health at grass-roots level from a range of perspectives, including people's age, gender and location in the catchment.
Survey methodology
The study area This study was conducted in the Hawkesbury-Nepean River (HNR) catchment, which is the main source of water supply for the Sydney Metropolitan area. The HNR system is about 300 km long and is a combination of two major rivers, the Nepean River (155 km) and the Hawkesbury River (145 km) (Markich & Brown, 1998) . The Nepean River becomes the Hawkesbury River at the Grose River confluence, near the rural town of Yarramundi, NSW (Figure 1) . A total of 2 million people live in the catchment suburbs and the catchment covers about 21,710 km 2 . Due to a large number of urban and peri-urban activities, the HNR catchment presents some particular challenges in terms of water quality and the health of the HNR system. Currently, land use in the catchment includes heavily urbanised, industrial, recreational, agricultural and scenically attractive regions (Baginska et al., 2003) . There are numerous point and diffuse sources of human activity-related pollution which primarily originate from peri-urban, agricultural sewerage treatment plants, mining activities and industrial activities. The HNR system supports a variety of recreational activities for both residents and tourists in Western Sydney. As a result of land use changes and modifications of physical habitats over the last 50 years, the river has been profoundly altered from its pristine state (Gavin et al., 1998) . Thus, this river system and the catchment provide an ideal peri-urban case study to investigate the meaning of river health from a range of community perspectives, particularly in that this river system is influenced by almost all the key peri-urban factors including farming activities, discharge of urban effluent and increasing urbanisation.
Formulation of questionnaire
A review of previous survey reports related to the HNR was conducted to understand what had already been done in this area and to identify critical knowledge gaps. A draft questionnaire was developed and was then reviewed by two key local water management authorities (the Hawkesbury Catchment Management Authority and the office of the Hawkesbury Nepean) to avoid duplication of effort and to ensure the relevance of the study to future river management strategies.
The survey was targeted at residents living in different suburbs in the catchment of the HNR and participants were selected from suburbs in 21 Local Government Areas (LGAs). The target group for the survey included people over 18 years of age with an interest in sharing their views on river issues in general and river health in particular. A survey questionnaire was made available online to the survey participants. Hard copies of the questionnaires were also made available, thus enabling those participants without internet access to respond to the questionnaire. There were a total of 25 open-ended, four-point Likert scale and short answer type questions. The first six questions collected the basic demographics of the participants. The next nine questions requested the participants to provide their views on the meaning of river health, significance of this river system to their life, and activities that are impacted or promoted by the conditions of river systems. The remaining questions gathered community views on river values, health indicators and management issues. The main aim of these questions was to better understand and verify the answers provided by the survey participants to previous questions.
Pilot survey and human ethics clearance
A draft of the survey questionnaire was developed after several iterations. A pilot survey using the questionnaire was conducted with 10 people selected locally. The pilot survey was used to assess how different people responded to the draft questionnaire and to find out the ease of online access to the questionnaire through the survey web page. As a result of the pilot survey, some questions were revised to improve their clarity and new ones were added to ensure that all relevant data would be obtained. The University of Western Sydney (UWS) Ethics Committee was also involved in improving the questionnaire and ensuring that the UWS Human Ethics guidelines were met.
Recruitment of survey participants
The survey participants for the study were recruited using four different methods: (i) advertising in local newspapers; (ii) publishing the questionnaire link on the vUWS (virtual UWS) Discussion Board; (iii) a letter box drop-off of the questionnaire; and (iv) inviting participants through internal mailing lists of organisations.
With the help of the Media Unit at UWS, all local newspapers in 21 suburbs in the catchment were sent a press release about the study. As a result of the press release, a number of local newspapers (Camden Advertiser, Hawkesbury Gazette, Cumberland Courier, Hornsby and Upper North Shore Advocate, Hornsby Advocate, Hills News, Penrith Press, Penrith City Star and Macarthur Chronicle) published a news story about the project and provided the web link for accessing the survey questionnaire.
A pop-up announcement and an online survey link were published on the vUWS Discussion Board across UWS's six campuses for a period of 2 weeks. The announcement on vUWS appeared every time a student or staff member logged onto their e-Learning account. In this case, the target was to seek views of students and staff with different educational backgrounds.
An electronic copy of the survey questionnaire was sent to the Western Sydney Regional Organization of Councils (WSROC), Office of the Hawkesbury Nepean, Hawkesbury Catchment Management Authority, Department of Environment, Climate Change and Water (DECCW), Sydney Catchment Authority (SCA), Department of Water and Energy (DWE), Blue Mountains Conservation Society and to municipal councils in 21
LGAs to advertise the study on their intra-network, requesting people to participate in the survey. This was mainly aimed at expert professionals in different fields. The survey was also announced in the daily UWS staff newsletter (e-Update), delivered to staff (.4000) across all six campuses of the university.
A total of 550 hard copies of the survey questionnaire, with self-addressed stamped envelopes, were delivered to homes in 21 LGAs across Western Sydney. The selection of the suburbs was based on the population ratio of the 2006 census data. Individual homes were selected quasi randomly ensuring a representative spread across the region. Two LGAs (Oberon and Upper Lachlan) were ignored because only one and two survey forms, respectively, were required to be delivered to these areas due to their considerably lower populations when compared to other LGAs.
Analysis of data
All responses related to the meaning of river health were reviewed individually and were grouped into 19 descriptors. The descriptors were identified such that a response from an individual participant would correspond to one of the descriptors. It should be noted that responses from some participants covered more than one aspect of the meaning of river health and therefore responses from those participants were counted in more than one descriptor. The responses were indexed alongside participants' details, and analysis was made of the effects of the participants' age, gender and location on their understanding of river health. After grouping the responses into descriptors, four emergent themes for the meanings of river health were identified.
Results and discussion

General
In this study, a total of 302 completed questionnaires from both online and paper versions were received. Just over one-third (37%) of the survey participants in the study were male, and most (80%) of the participants were born and raised in Australia. Further, nearly half (47%) of the participants included in the study have been living in their current residence for more than 10 years.
An analysis of words used by the participants to express river health indicates that the responses can be related to 19 descriptors, as shown in Figure 2 . A number of themes were then developed by examining different descriptors (Figure 3) . The main themes which emerged from the analysis were: (i) visual appeal; (ii) sustaining ecological integrity; (ii) maintaining hydrologic balance; and (iv) river water fit for purpose.
While the total number of descriptors used for the meaning of river health was 19, the three prominent descriptors used by the participants were: 'visually unpleasant', 'human activity influences' and 'faunal species'. About one-third (30%) of the participants invariably used one of the above three descriptors to explain their meaning of river health. Figure 4 shows a summary in relation to the 'sustaining ecological integrity' theme, while Figure 5 shows a summary of the views held by survey participants when describing river health in relation to the 'visual appeal' theme. Interestingly, participants placed high importance on both flora and fauna species living in and out of the river system when describing river health. In particular, they mentioned seasonal aquatic birds that roam around healthy river systems. The survey results revealed that community perceptions of river health are greatly dependent on what people observe in and around the river system on a regular basis (Figures 2 and 5) . A healthy river for the community, therefore, is a waterway that is aesthetically appealing and free from toxic and foreign substances in the water body. The toxic and foreign substances according to the survey participants include a range of pollutants which have mostly originated due to human activities occurring in the landscape. Only five participants included terms related to irrigation when defining the concept of river health. This may be associated with the unique nature of peri-urban landscapes, where the community is more attached to a river system by aspects such as its aesthetic appeal, recreational use and drinking water supplies, while the use of a river for agricultural irrigation water is a lower priority. This also indicates the composition of the peri-urban communities, where more people are involved in nonagricultural activities when compared to rural communities in which a relatively large number of people are associated with agricultural irrigation. Figure 6 presents a summary of different descriptors associated with the theme 'maintaining hydrologic balance', particularly the quantity and quality of flow to maintain different functions of the river system. The three important descriptors in this theme are water flow, water quality and water depth. In most instances, survey participants related these aspects to aquatic biota. They said that water quality and quantity should be adequately maintained to sustain the life of aquatic species. In general, participants emphasised that for a river to be healthy, it has to have visual appeal, be able to sustain biodiversity, have the capacity to maintain its hydrologic integrity and be fit for specific uses.
The analysis of the responses received from the participants indicated that the top five descriptors were: 'unpleasant objects', 'human activity influences', 'faunal species', 'biodiversity' and 'flow rate' (Figure 2) . Further, catchment health as a surrogate measure of river health was not a highly important descriptor for the participants to express their definition of river health. It was observed that participants living within 10 km of the river tended to include 'flow' to describe river health, whilst participants living further than 10 km away from the river tended not to (Table 1 ). An interesting finding from Table 1 is that distance had an influence on the order of the top five descriptors. It should be noted that the 10 km distance was used here as a guide only.
Sustaining ecological integrity
The theme 'sustaining ecological integrity' included seven descriptors: 'faunal species' (counts ¼ 117), 'biodiversity' (95), 'floral species' (70), 'river bank stability' (37), 'aquatic birds' (16), 'catchment health' (12) and 'pristine conditions' (5) (see Table 2 ). Floral and faunal species, and biodiversity, encompassed phrases referring to diversity of aquatic species, their well being and attachment to the aquatic ecosystem. The river bank stability descriptor consisted of various health attributes of the riparian zone: river bank stability, health of riparian vegetation and the condition of the floodplain. Participants perceived the formation and quality of levees to have a major influence on river health, as they support the well being of the ecological interactions occurring in the river system. Participants used an array of terms, ranging from technical jargon (e.g., ecologically functioning ecosystem) to colloquial terms (e.g., lots of fish), to express the meaning of river health under this theme. The responses covered most of the key aspects of an aquatic environment such as 'diversity of biota', 'biologically balanced ecosystem' and 'healthy marine life'. Some participants also described a healthy river in terms of biological interactions. For example, they used terms such as 'stable ecosystem', 'ecologically functioning ecosystem' or 'sustainable ecosystem' for this purpose. The use of terms related to biota by the participants to describe a healthy river indicates that the community is aware of the importance of aquatic species for a healthy river. Further, the biodiversity aspects and complex ecological interactions are not as directly visible to the community when compared to aspects described in the 'visual appeal' theme. However, members of the community seem to understand the importance of flora and fauna in a healthy river system and their role in maintaining a delicate ecological balance. The present study indicates that survey participants still appreciate the value of the role played by flora and fauna in and around the river system. The following quote from a survey participant is an example of a typical response on this aspect: 'A healthy river for me should be ecologically functioning to support an array of aquatic life.'
The survey participants in the present study mentioned that they wish to see an abundance of fish and macroinvertebrates as well as aquatic birds around a healthy river. The survey results confirm the instinctive awareness of the community about surrogate indicators of river health.
Some participants related a healthy river to aspects that are broad or somewhat abstract in nature. For example, one of the frequent descriptions participants used in relation to this theme was that healthy rivers are resilient to stress and are rich in self purification capacities. Further, they stated that healthy rivers have room to adapt, absorb and buffer the landscape during periods of dynamic variation while changing with the environment that surrounds them. The following two quotes capture this view of river health:
'A healthy river is a living organism that is resilient, robust and extremely adaptable to broad and dynamic changes.' 'A …resilient riparian landscape that sustains natural assets.'
Overall, the theme 'sustaining ecological integrity' broadly encapsulated the community view of ecological functions, diversity and sustainability of biotic species. Their main point here was that the community wants to see a variety of flora and fauna flourishing within the healthy river system. An earlier study by Tucker et al. (2006) also reported that the community in the Hawkesbury-Nepean catchment values abundant native wildlife and plants when describing the health of the river system.
Visual appeal
The visual appeal theme consisted of three descriptors: 'unpleasant objects' (counts ¼ 126), 'human activity influences' (121) and 'aquatic weeds' (56) ( Table 2 ). The majority of survey participants in this theme described a healthy river as a waterway free from visually unpleasant objects. This was followed by descriptions that contained phrases describing at least one type of direct or indirect human activity influences.
When describing the term river health, using different aspects of visual appearance, survey participants used two key words: 'clean' and 'clear'. The term 'clean' often refers to a flowing stream which is free from any type of floating materials whereas 'clear' is used to describe the clarity of the river water. In the participants' view the river water should be clear enough (low turbidity) and one should be able to see some depth in the river water.
There were 56 counts of terms related to weeds, algae and presence of alien species in and around the river. In general, the presence of alien floral and faunal species is considered aesthetically unpleasant and seen as strong signs of an unhealthy river system. Three concerned survey participants described a healthy river by highlighting the visually appealing nature as follows:
'A river that is free of non-native (introduced) flora and fauna. A river that is unaffected by unburnt fuel and oil from motorised water craft and the rubbish left behind by the people who drive them. A river where the native wildlife can be safe from the above people. A river where urban runoff and rubbish is captured and treated before entering the river system.' 'A healthy river looks clean and smells clean! It sustains native fauna and flora. It is not contaminated by foreign weeds or chemicals.' 'A clear or semi clear water, where you can see the bottom of it, or at least under it partway, clean and free of pollution, with a healthy river-side growth.'
In 1998 the Healthy Rivers Commission of NSW called for submissions from the general public for an independent inquiry into the health of the HNR system. According to the submissions received it was evident that water quality, river flow and its ability to support regional commercial activities and social amenities are important aspects of river health (Healthy Rivers Commission of New South Wales, 1998). Community comments further stated that people were not particularly concerned about the accurate measurements of the various parameters but they were rather interested in both longer-and shorter-term progress of river health targets. The present study further confirmed the finding of the Commission but also indicated that the visual appeal of the river is more important than the specific water quality aspects, commercial activities and flow rate. In summary, community perception of river health revolves around its visual appearance, which depends on dissolved and floating foreign substances and the influence of human activities, and the extent of exotic floral and faunal species.
Maintaining hydrologic balance
The theme 'maintaining hydrologic balance' included three key descriptors to express the meaning of river health: 'flow rate' (counts ¼ 87), 'water quality' (34) and 'water depth' (9) ( Table 2) . Participants considered that the flow needs to be sufficient to sustain aquatic life and flush out the pollutants which would otherwise accumulate in the river system due to slow moving water and low flow conditions. Water quality aspects mentioned by the participants included pH, dissolved oxygen, turbidity and salinity. Participants often described water depth as water level. They stated that for a river to be healthy it should maintain a sufficient water depth at anytime of the year to sustain the health of the river. Overall, flow rate was the most important variable in this theme.
In the hydrologic integrity theme, many survey participants stated that a healthy river needs to have sufficient flow on a regular basis followed by improved water quality and increased water depths (Figures 2 and 6 ). They used adjectives such as 'steady', 'free', 'uniform', 'sufficient', 'good' and 'sustainable' to describe the river flow. Environmental flows have a profound effect on downstream biota because the water released from dams and which subsequently flows over weirs results in modified levels of water temperature, nutrients and dissolved oxygen.
The other two parameters in this theme were 'water quality' and 'water depth'. In almost all instances, survey participants related the water quality aspect of river health to recreational activities (i.e., swimmable, boating and fishing), aquatic life (i.e., to sustain flora and fauna in the river) and human consumption (i.e., drinking). Water level, on the other hand, in the view of survey participants, should be maintained at an optimal level to support and sustain aquatic life. Nevertheless, the participants were of the view that river characteristics such as water flow, water quality and water level are integral parts of a healthy river system and should be maintained at appropriate levels suitable to sustain aquatic life, and routinely provide the services expected from a healthy river by the community. This can be summed up by the following participant's views:
'A healthy river to me is any river with continuous and uniform flow of good quality water and maintaining ecological diversity of flora and fauna with a minimum or zero degradation of local environment while meeting the agricultural, aesthetic and socio economic requirements of communities.'
The environmental flow regimes in the HNR, similar to many other rivers in Australia, are impacted by weirs and dams. However, the peri-urban nature of the HNR catchment, particularly effluent discharges from sewage treatment plants and extraction of river water by industries, has significantly impacted on the hydrologic behaviour of the river system. The amount and timing of environmental flows are often influenced by government policies, drought and the politics of water cycle management. For example, since the establishment of the dam, the minimum amount of water required to be released from the Penrith Weir in the HNR was set at 50 ML per day (Diamond, 2004) to meet riparian needs and the basic landholder rights of downstream river users.
River water fit for purpose
The main descriptors for 'river water fit for purpose' were 'recreation' (counts ¼ 42), 'drinkable' (17), 'resilience' (15), 'odours' (14), 'microbial contamination' (7) and 'irrigation' (5). This theme particularly emphasised the community use of the river for recreational activities. The repeating word in this theme is 'swimmable'. Community members assume a healthy river contains reasonably good quality water which will allow them to swim without catching an illness. Further, in their view, a healthy river must provide an ideal platform for the community to enjoy leisure activities. The following two quotes from participants capture this theme:
'When I think of a healthy river I picture clear waters, no litter on the grounds, people about, picnic tables, barbeque areas, children's playground, walking pathways to see the sight of a beautiful river: Nature at its best!' 'A river where you can safely drink and swim in the water.'
The HNR provides drinking water for over four million people living in the greater Sydney, Illawarra and Blue Mountains regions, supports 43,000 recreational anglers and attracts over 10 million tourists per year (HNCMA, 2007) . However, only 17 survey participants included the aspect of drinkability when describing river health. It remains unclear why many participants did not use words related to the human consumption of water when exploring the concept of river health. However, the inclusion of swimming, taken together with the drinking aspect, indicates that a healthy river needs to meet a certain water quality standard for direct human consumption and contact.
Only five participants out of 302 stated that a healthy river should meet the irrigation needs of farmers (Figure 2) . Supply of water for irrigation is one of the prime services of the HNR, particularly for growing vegetables, cut flowers, orchards, turf and dairy pastures, with an annual market value of AUS$ 10.6 million (Clarke, 2006) . If the river is unhealthy, the agricultural water requirement would be amongst the first to be severely affected. However, participants did not seem to be aware of this fact.
Major recreational areas in the HNR lie between Windsor and Sackville. The leisure activities on the river banks have not been greatly impacted over time although the river water has become unsuitable for swimming due to microbial contamination and potential toxins leaching from algal blooms (Kimmerikong, 2005) . At present, no place in the HNR system is recommended for primary recreation activities due to degraded water quality.
Influence of age and gender
Four descriptors of river health ('unpleasant objects', 'human activity influences', 'faunal species' and 'biodiversity') appeared in all age groups (Table 3 ). The flow rate descriptor was only mentioned by participants aged 41 and above. The top five descriptors used by survey participants aged 18-25 and 26-40 to describe river health were similar, with some minor difference in the ranking order.
Six descriptors of river health were ranked with low importance across all age groups: 'irrigation', 'pristine conditions', 'microbial contamination', 'water depth', 'catchment health' and 'aquatic birds'. The descriptor 'drinkable' only featured in responses from three age groups: 18-25, 26-40 and over 61. Further, the survey participants aged 61 and over did not use the descriptors 'odour', 'catchment health', 'irrigation', 'microbial contamination', 'water level', 'pristine conditions' and 'water quality'.
The overall pattern of river health descriptors for both males and females were similar with a minor change in the ranking. Interestingly, the descriptor 'floral species' was among the top five descriptors expressing river health for males, while 'faunal species' was among the top for females (Table 4) . The overall pattern of the least important descriptors of river health remained the same, regardless of gender.
The meaning of river health: community versus experts
The responses from the survey participants about the meaning of river health have clearly indicated the inherent complexity of this concept. participants' responses covered multiple dimensions of ecosystem complexity, including biotic and abiotic interactions, hydrological and riparian characteristics. This study has clearly indicated that a lay person's meaning of river health differs considerably from that of an expert. Thus, the meaning of river health needs to incorporate community expectations and the concerns of a range of stakeholders. When investigating the experience of humans, the present study has emphasised that it is worthwhile examining how characteristics of a social nature are attributed to physical and biological environments. Obviously an angler's, water researcher's or tourist's description of river health are different and can be attributed to their experiences.
Experts consider rivers to be natural systems able to maintain integrity at an optimal level while adapting to various environmental conditions (Karr, 1996; Meyer, 1997) . However, this study has highlighted that the community at large sees a river as a natural system which provides a range of services to both society and biota. Thus, the community believes that a river is healthy if it sustains ecological integrity, has visual appeal, maintains a hydrologic balance in the system and provides a range of services to the community. A clear difference between expert and community member views on river health is that the former are more compact and concise, while the latter are descriptive of several aspects of the river system. From the point of view of community members, a healthy river is a service provider to both human communities and biotic communities.
The study provides an opportunity to strengthen the existing knowledge of the concept of river health pursued by experts, researcher and water managers. In particular, water managers can use the key findings of this study to make their river improvement strategies more effective in a number of ways. For example, they can use it as evidence for the need to concentrate on river health assessment methodologies that particularly examine the function of the aquatic biota rather than their mere presence. Maintaining a river's visual appeal, hydrological balance and sustaining river water fit-for-purpose are the other key components that need to be included in future river management strategies to meet community expectations. Furthermore, this study has highlighted the need to explicitly include community satisfaction-based indicators in river health monitoring and analysis. Routine data collection including community-based indicators for river health assessment will not only allow river managers to evaluate river improvement programmes more effectively but will also provide a communication pathway or a basis for dialogue between river managers and river users.
Conclusions
In contrast to the meaning of river health pursued by experts and government agencies, the practical meaning of river health from the point of view of community members is multi-faceted and related to river ecology, aesthetics, hydrology and environmental services. In this study, the meaning of river health for the community has emerged as a simple definition and covered four major themes: ecological integrity, visual appeal, hydrologic balance and the river's ability to serve the community. Further, community members' descriptions of river health were straightforward and used everyday words but integrated a number of perspectives of the river as a natural and community resource, which is often lacking in descriptions pursued by experts and government agencies. The description of river health was not much affected by the participant's age, gender or by the distance they lived from the river. Another notable finding is that the words used to describe the meaning of river health are related to five key descriptors: 'unpleasant floating objects', 'broader human activity influences', 'flora', 'fauna' and 'biodiversity'. Overall, the study provided a number of insights that can assist in the engagement of communities in future river monitoring and management programmes.
